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Synopsis 

The wrinkle recovery of polymer-coated cotton printcloth was generally found to 
correlate qualitatively with the elastic behavior of the polymer film. Of the several 
tensile parameters that can describe elasticity, immediate strain and work recoveries and 
stress decay were found to be the most sensitive indicators of the polymers’ performance 
on the fabric. Delayed recovery, ultimate elongation, and permanent set were found to 
be important but were less sensitive parameters; while tensile strength and initial 
modulus appeared to be unrelated. A model is described whereby the polymer provides 
additional recovery forces when properly coupled to the fabric. High values of stress 
decay and permanent set diminish the effectiveness of these forces, while high values of 
immediate, work, and delayed recovery indicate that large portions of the distorting 
forces are available for recovery. 

INTRODUCTION 

In the past few years, research groups have demonstrated the ability of 
certain polymers to improve the wrinkle recovery behavior of cotton fabrics 
to which they had been In most cases the polymers were chosen 
primarily for their ability to improve the abrasion resistance and/or hand 
of a crosslinked fabric, rather than for their ability to improve wrinkle re- 
sistance, this latter property being an added dividend. 

Until recently there appeared to be no clear distinction between various 
kinds of polymers, seemingly similar polymers being observed to yield 
widely differing results. Recent rep~rts~-~O have however emphasized the 
importance of the elastic behavior of effective polymers. In an effort to 
further clarify these observations and to provide data from which a model 
could be developed, work was undertaken to establish whether or not a 
correlation exists between the tensile properties of a film cast from a given 
polymer and the wrinkle recovery imparted by that polymer. 
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EXPERIMENTAL 

Based on past experience as well as on information available from the 
literature, at  least two examples were chosen from each of four classes of 
polymers. Whenever possible, these were chosen in pairs such that one 
member of the pair imparted comparatively good wrinkle recovery to cotton 
fabric while the other did not. For the present purpose it was found satis- 
factory to use commercial samples, even though these were of an uncertain 
composition. The polyacrylates, referred to as Rhoplex K-3, HA-12, 
E-485, and E-477, were obtained in emulsion form from the Rohm & Haas 
Co. and were found to be based primarily on ethyl acrylate. The Kraton 
copolymers were supplied by the Shell Chemical Co. and are block co- 
polymers that have styrene end blocks and a butadiene center block. The 
characteristics of this system are such that the components separate into 
two phases, or “domains.” When cast from a solvent in which the buta- 
diene segments are soluble, the styrene portion forms a discontinuous phase 
and acts both as a filler and as crossliiking sites between different copolymer 
molecules. Thus, these polymers require no curing to effect optimum elas- 
tic properties.” 

Two polyurethane sources were used. Those referred to as X-1033, 
X-1042, P102A, and E-503 are emulsions which were obtained from the 
Wyandotte Chemical Co. and consist primarily of polyethylene oxide and 
polypropylene oxide. The Estane polyurethanes, on the other hand, were 
obtained in solid resinous form from B. F. Goodrich and are based on a 
polyester structure.12 

Several examples of polysiloxanes were obtained, two from the Dow- 
Corning Corp. and the others from General Electric. Those which are re- 
ferred to as XET were emulsions of poly (dimethybioxane) which were 
formulated with two different silane crosslinking agents to yield a high 
modulus (#2) and a low modulus (#3) film.I3 Those shown as SE-33 and 
SE-54 were obtained from General Electric as gum rubbers and applied 
from benzene solution. Both are primarily poly (dimethylsiloxane), but 
SE-33 has a small percentage of vinyl groups which replace some of the 
methyl groups, while SE-54 has a small amount of both vinyl and phenyl 
groups substituted for methyl groups. The polymer referred to as RTV-11 
was also obtained from General Electric. It is a low molecular weight poly- 
(dimethylsi1oxane)diol and was applied from cyclohexane solution in the 
presence of a crosslinking catalyst. 

All of the polymers were applied to cotton printcloth samples by soaking 
the fabric in an emulsion or solution of the polymer with the concentration 
adjusted to obtain the desired weight add-on. Uniform distribution was 
facilitated by subsequently passing the sample through a two-roller padder. 
In  cases where organic solvents were used, an attempt was made to put the 
treated fabrics on a comparable basis with those which had been treated 
with aqueous emulsions. In such instances the samples were soaked in 
water, after curing but prior to conditioning, until thoroughly wet. 
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After application of the polymer, the samples were dried and then cured 
in a forced-draft oven. The drying conditions (either under room condi- 
tions or in a vacuum oven at  room temperature) and the curing conditions 
(time and temperature) varied somewhat from sample to sample and were 
adjusted according to recommendations found in the manufacturers’ prod- 
uct bulletins. Air drying followed by curing at 150°C for 10 to 15 min was 
a common procedure. The styrene-butadiene copolymers required no 
curing. The K-3 and HA-12 polyacrylates and the several polyurethanes 
required no catalyst. The E-485 and E-477 polyacrylates used a 0.5% 
ammonium chloride catalyst, while the two General Electric polysiloxanes, 
SE-33 and SE-54, used a 1% benzoyl peroxide catalyst. Random checks 
of solubility in 0.5M cuene indicated that the cotton was not crosslinked. 

In preparing films for testing tensile properties, solutions or emulsions 
were used which were two to ten times as concentrated as those used for 
fabric treatment. The solution was poured onto a plate glass panel and 
then swept out into a thin, even layer using a Gardner applicator. This 
layer was allowed to air dry in a dust-free room and was then cured in a 
forced-draft oven. 

Film curing conditions were kept as nearly identical as possible to those 
to which the polymer-treated fabrics were subjected. Exact duplication 
was, however, prevented because the cast films were much thicker than the 
fabric coatings and therefore required a longer curing time. In  addition, 
one side of the cast film was sometimes backed by a 1/4-in. glass plate during 
curing. This was necessitated whenever the strength of the air-dried film 
was insufficient to permit removal from the glass plate prior to curing. 
After curing, the films were conditioned overnight at 68°F and 65% relative 
humidity, as were the fabric samples, prior to testing. 

Strips of the cast films to be tested were cut to 1-in. widths with a tem- 
plate and their average thickness were determined with a micrometer just 
prior to testing on an Instron testing machine, using a 10-cm gauge length. 
These were either subjected to a 5% elongation and allowed to relax im- 
mediately, or were held in the elongated configuration for 1 min. In  either 
case, the relaxation rate was the same as the loading rate (5 cm/min), and 
all samples were allowed to relax further for 1 min before elongating and re- 
laxing (immediately) a second time. The 1-min relaxation time was chosen 
because very little additional recovery could be observed at longer times. 

Figure 1 describes the method of testing and evaluation and defines the 
terms as used in this work. The choice of nomenclature was made some- 
what dfficult by the deviations which were taken from standard testing 
procedures, together with variations in usage found in the general literature. 
The quantity which is termed “delayed recovery” is often found as “elas- 
tic” or “total” recovery, depending on the delay between the time when the 
stress is removed and the time at which the measurement is made. In  the 
present case, an extra delay is imposed prior to stress removal. The term 
‘immediate recovery” is similarly a compromise in terminology for a quan- 
ity that, when the sample is not held in an elongated configuration and 
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BREAKING CYCLE 

CYCLE # I  CYCLE #2 
1 MIN. 
DELAY 

-zi 
I 

- E x 100 - -  
T 

Yo DELAYED RECOVERY = loo % STRESS DECAY 

% IMMEDIATE RECOVERY = f loo % WORK RECOVERY 

% PERMANENT SET 

A 

= y x 100 
X 

_ -  - loo % BREAKING ELONGATION = ’ loo 
A (GL) 

F = BREAKING FORCE 2 -. INITIAL STRESS (GL) = GAUGE LENGTH 

Fig. 1. Method of testing and evaluation of tensile properties of films. 

required to undergo stress decay, is sometimes called “tensile” recovery. 
A more descriptive term might be “limited immediate-tensile-strain re- 
covery,” which reflects the fact that recovery was limited by the imposition 
of stress decay. The reader should carefully note the terminology as de- 
fined by Figure 1 before attempting to interpret the results. 

Fabric samples were tested for wrinkle recovery angle (WRA) using the 
Monsanto technique (ASTM Standard 1295-601‘). Control samples were 
treated in an identical manner, either water or the appropriate solvent re- 
placing the emulsion of solution, respectively, during sample preparation. 

RESULTS AND DISCUSSION 

As mentioned, the various polymers were chosen in pairs such that one 
member imparted relatively good wrinkle recovery while the other did not. 
The recovery was measured over a wide range of add-on levels, and both 
the maximum WRA value obtained and the value at  5% add-on were used 
to compare with the various parameters extracted from the tensile data. 
The results are shown in Table I. The object was to obtain wrinkle re- 
covery data for use in comparing polymer tensile properties with the ability 
of the polymer to improve the durable-press performance of the cotton 
fabric. Reasonable methods and techniques were used, but no attempt was 
made to optimize the conditions in order to obtain the highest, possible 
recovery values. 
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Because the wrinkle recovery values reflect, the recovery of each of the 
two components, the polymer and the fabric, as well as the coupling between 
these components, while the tensile data reflect only the behavior of the 
polymer, the comparisons should be confined to differences observed within 
a polymer pair. The trends in behavior can then be compared among 
polymer pairs, but no attempt should be made to compare the behavior of a 
given polymer in one pair with that of another polymer in a different pair. 
The polymers within a given pair are considered to be similar enough to 
eliminate variations in behavior which might result from differences in 
polymer-fabric coupling. Thus, any differences in wrinkle recovery be- 
havior seen within a polymer pair can be compared with the tensile behavior 
of these polymers free of any differences superimposed by virtue of varia- 
tions in polymer-fabric coupling. This is not true when comparisons are 
made among the several polymer pairs. Later experiments are planned 
from which it is hoped to obtain data which will allow such coupling to be 
considered to determine the total effect which the application of a polymer 
coating has in improving the wrinkle recovery of cotton fabric. 

It can be seen from Table I that a number of qualitative correlations can 
be made between the WRA imparted to cotton printcloth and several of 
the tensile parameters. In nearly every polymer pair, the polymer im- 
parting the higher WRA also has the higher immediate tensile recovery and 
work recovery. When the polymer film is held under stress, it is evident 
that this relationship is even more complete. This behavior is especially 
well illustrated by the polyacrylates HA-12 and K-3. Permanent set is 
generally greater, within a given pair, for t8he polymer with the lower WRA. 
This is accentuated also when the films are required to undergo stress decay, 
and it is particularly evident for polyacrylates E-477 and E-485. Of course, 
stress decay sets in as soon as elongation begins and continues until all stress 
has been removed from the film and strain has returned to zero. Therefore, 
samples which were not held for 1 min at  a given elongation should never- 
theless be considered to have undergone some limited stress decay. 

High values of delayed recovery and breaking elongation are apparently 
necessary, but from Table I it would appear that, at  best, wrinkle recovery is 
only a slowly varying function of these particular parameters. This can 
possibly be accounted for by the fact that delayed recovery (especially as 
measured here) includes a much longer time span for the polymer’s recovery 
forces to operate than does immediate recovery. Thus the extent to which 
these forces are unavailable, which appears to be a major factor in determin- 
ing the effectiveness of a given polymer in imparting fabric wrinkle recovery, 
is not as accurately accounted for by delayed recovery as it is by immediate 
recovery. These immediate recoveries (strain and energy, when not 
limited by stress decay) also correctly ranked the ability of crosslinked cot- 
ton yarns to recover.14 

On the other hand, tensile strength (not shown in Table I) and initial 
modulus showed no correlation whatever with wrinkle recovery. For ex- 
ample, the high modulus version of poly(dimethy1siloxane) XET-0145 
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behaves insignificantly differently on the fabric from the low modulus 
version (#2 and #3, respectively). Likewise, the polyurethane pair P102A/ 
E-503 have nearly the same initial modulus but impart very different 
wrinkle recovery angles to cotton printcloth. 

The results indicate that the function of a deposited polymer, at least at 
the add-on levels reported here, is to couple in some way with the fabric’s 
own recovery forces and thereby aid in overcoming the tendency to remain 
deformed. The load which an elastomeric polymer bears in helping to 
effect recovery will tend to make the polymer relax under stress and thereby 
diminish its ability to act in this way. Stress decay contributes to perma- 
nent set and is a time-dependent process. Its importance is readily under- 
stood when it is realized that in both the standard wrinkle recovery test and 
in normal apparel use, a polymer-treated fabric is held in a stressed 
(wrinkled) configuration for a certain period of time. 

Other results from this laboratory indicate that several of the factors 
which affect the elastic behavior of a polymer film also have a marked effect 
on the resiliency which a particular polymer is able to impart to cotton 
fabric. The presence of weakening imperfections in a polymer film ap- 
pears to detract from recovery, for example, and variations in curing condi- 
tions lead to large changes in imparted recovery. These observations 
support the above model but are as yet too incomplete for full discussion. 

Another question that remains to be settled is the distribution of the 
polymer within the fabric and the means by which its recovery forces are 
coupled to those of the fabric. In several preliminary investigations, a 
statistically significant increase has been observed in the recovery properties 
of single cotton fibers which had been treated with several of the polymers 
discussed above. These observations have not yet been verified, but would 
imply that an elastic covering forms over the individual fibers and in this 
way couples with the fiber’s own recovery forces, as has been proposed by 
Bullock and Welch.3 On the other hand, Rebenfeld and Weigmann,16 using 
scanning electron microscopy, have observed considerable interfiber bond- 
ing in the case of a polyurethane latex treatment. Both distributions have 
been observed on a rayon high-pile fabric, and it was concluded that fiber 
coating, rather than “spot welding,” played the predominate role in deter- 
mining fabric properties.* 

CONCLUSIONS 
The wrinkle resistance obtained by application of certain polymers to a 

fabric is a result of the elastic behavior of the polymer. The polymer forms 
an elastic film over the individual fibers or “welds” some fibers together, or 
perhaps both. Whatever, the surface distribution, it is observed that the 
polymer contributes to the ability of the fiber assembly to recover from 
distortion. The extent of this contribution depends upon the coupling 
which occurs between the polymer recovery forces and those of the fabric 
and the bulk elastic properties of the polymer, of which immediate strain 
and work recoveries and stress decay are the most sensitive indicators. 
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Thus, the recovery of the polymer-coated fabric will depend in a general 
sense on the polymer's molecular weight, crosslink density, intermolecular 
attractive forces, crystallinity, and glass transition temperature-all factors 
which govern polymer elasticity. In addition, factors which influence the 
coupling between the fiber assenibly and the polymer (e.g., the degree of 
physical bonding or adhesion which occurs between the polymer and the 
cotton surface, and the distribution of the polymer on the surface as a result 
of its wettability) will likewise affect the final behavior of the fabric-polymer 
composite. 
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